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F I N A L
M A T E R I A L S M A N A G E M E N T P L A N
P H A S E I I A N D 1 1 1 C O N S T R U C T I O N

I 1-70 MODIFICATIONS1 H U M B O L D T / 4 4 ™ S T R E E T S T O B R I G H T O N
I B O U L E V A R D1 D E N V E R , C O L O R A D O
1
1

I N T R O D U C T I O N
1.1 Objec t ive s

1 This Materials Management Plan is designed to detail the procedures which must be f o l l owed
during the Phase n and HI construction activities for modi f i cat ions of 1-70 f rom H u m b o l d t / 4 4 l b

Stree t s to Brighton Boulevard (CDOT Projec t Number I R - I M ( C X ) 0 7 0 - 4 ( 1 4 5 ) ) . The Mater ia l s
] Management Plan (MMP) is intended to aid in the prevention of environmental contamination, to

ensure safe handling of known and potent ial ly contaminated materials, and to ensure compliance
^ with a p p l i c a b l e environmental regulations pertaining to thp handling of the waste materials which
I may be encountered during this p r o j e c t . The pro j e c t vicinity is shown in Figure 1.

TI The primary goal of this program is to limit worker exposure to contaminated soil and ground
£ water and to prevent any of the known or p o t e n t i a l l y contaminated materials which may be

encountered on this p r o j e c t f r o m impacting the water quality in the South Pla t t e River. The
"1 procedures included in this p lan have been developed to manage contaminated and suspect
-^ materials in a manner which will minimize this impact.
1
1

1
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2 C O N S T R U C T I O N
The CDOT plans to replace the elevated portion of 1-70 f rom Washington Street to Brighton
Boulevard with a wider, elevated highway (see F i g u r e 2). Ex i s t ing ramps at H u m b o l d t S t r e e t
wi l l be removed and replaced with interchanges constructed at N o r t h W a s h i n g t o n S t r e e t and
Brighton Boulevard. The existing elevated structure east of H u m b o l d t Street will be r ep laced ,
and fill material wil l be used to support 1-70 east of H u m b o l d t S t r e e t . A pede s t r ian underpass
is p ropo s ed to connect the Denver Coliseum and N a t i o n a l W e s t e r n S t o c k Show bu i ld ing s . T h i s
underpass will be constructed beneath the present East 46th Avenue ( F i g u r e 2).
Prel iminary de s ign p l a n s indicate that p r o p e r t y acquisition w i l l be required for the widening of
1-70, the relocations of East 46th Avenue and Brighton Boulevard. The Union P a c i f i c Railroad
(UPRR) tracks (south of 1-70 at Brighton Boulevard) will be moved southward to accommodate
propo s ed ramp structures. Demolition of exist ing structures, construction of the Denver
C o l i s e u m / N a t i o n a l Western S t o c k Show pedes tr ian underpas s , retaining w a l l s , caissons,
s t o r m / s a n i t a r y sewers, and other u t i l i t y relocations will require excavation at various locat ions
in the p r o j e c t area.
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3 S I T E E N V I R O N M E N T A L C O N D I T I O N S
Phase II and III of the m o d i f i c a t i o n s to 1-70 between H u m b o l d t / 4 4 I h S t r e e t s and Brighton
Boulevard traverse a commercial, industrial and re s ident ia l area where several environmental
concerns have been i d e n t i f i e d ( F i g u r e 6). Proper t i e s of concern were i d e n t i f i e d a l ong East 46th

Avenue and Brighton Boulevard in 1991 (WALSH, 1 9 9 l a ) , inc lud ing eleven p r o p e r t i e s with
known USTs. Thi s study was expanded in July 1991 (WALSH, 1991b, 1992) to include the I-
70 corridor f r o m N o r t h W a s h i n g t o n S t r e e t to Brighton Boulevard and was revised in l a t e 1996
( W A L S H , 1996).
T h e s e report s i d e n t i f i e d f o u r main categories of environmental concern: pe t ro l eum
contaminated soils and ground water f r om leaking USTs; p o s s i b l e soil and ground water
contamination from tannery operat ions; soil contaminated with smelter wastes or other
materials re su l t ing hi elevated heavy metal content; and ground water contaminated with low
concentrations o f chlorinated hydrocarbons. The recently c ompl e t ed Phase II and III
Construct ion S i t e Inve s t i ga t i on (WALSH, 1998c) confirmed the presence o f pe troleum
contaminated so i l s and ground water f r om leaking USTs, widespread chlorinated solvent
contamination of ground water, and soil contaminated with smelter wastes, p o l y c y c l i c aromatic
hydrocarbons (PAHs) and oi l .

I
1
1
1

The planned construction activities will occur south of East 47"1 Avenue f r om H u m b o l d t Stree t to
| Brighton Boulevard, along and south of East 46th Avenue f r om 44th Str e e t to Brighton Boulevard,

along 44m S t r e e t to Brighton Boulevard, and along Brighton Boulevard from 44th Stre e t to East
-. 47th Avenue. The construction activities will involve numerous residential and commercial
1 properties.

T The planned pede s t r ian underpass beneath East 46th Avenue wil l connect the Denver Col i s eum
I and the National Western S t o c k Show bui ldings. Excavation for this underpass will occur

adjacent to an area in which smelter wastes were utilized as fill materials. This fill contains
1 metals above the regional norms, but is not a hazardous waste.

3 . 1 Phase I I Con s t ru c t i on Area
The widening of 44th Stree t and Brighton Boulevard, the expansion of 1-70 and the re locat ion of

"1 the UPRR tracks will involve several parcels which are contaminated with petroleum product s ,? heavy metals and chlorinated solvents. Intrusive activities include the demoli t ion of bu i ld ing s on
sites with known petroleum and heavy metal soil contamination, past usage as gasoline service

1 s tations, or a his tory of storage of bulk pe tro leum product s . Excavations wi l l also be required
for the relocation of utilit ies, including sanitary and storm sewers, the relocation of the UPRR
tracks, the widening of Brighton Boulevard and 44th S t r e e t , and excavations for suppor t p ier and

[ the f o u n d a t i o n s of retaining wal l s . Most excavations wi l l not encounter ground water which is
found at d e p t h s in excess of 27 f e e t ( F i g u r e 4).

D01038
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3.1.1 Land Use in the Phase II and III Construc t ion Areas
Land use along 1-70 between H u m b o l d t Stre e t and Brighton Boulevard is mainly commercial and
l ight industrial. Residences predominate in the Phase III construction area in neighborhoods not
bounded by East 46th Avenue or Brighton Boulevard. Commercial enterprises include a
lumberyard, automobile repair and parts retailers, commercial warehouses, and equipment repair
shops. Denver F i r e S t a t i o n #9 occupies the northeast corner of Frankl in Stre e t and East 46th

Avenue. Former ly , service stations were located near the intersection of H u m b o l d t and 44th

S t r e e t , East 46th Avenue and Brighton Boulevard, and 44th street and Brighton Boulevard. Bulk
petroleum products were also f ormer ly stored on Parcel 50 (si te of Western Boom). Most of the
area south of 1-70, between the S o u t h Pla t t e River and H u m b o l d t Avenue, is now occupied by the
grounds of the Denver Coliseum.
The area now covered by the paved parking lo t s of the Col i s eum was once the site of an
extensive sand and gravel quarry (1920s) which was subsequently f i l l e d with smelter s lag and
waste rock, and demol i t ion debris f r om the Omaha and Grant Smel t er . In a d d i t i o n , domestic
trash was d epo s i t ed in some of the gravel pit depre s s ions b e f or e the area was cleared for
park ing areas in the late 1940s. A p p r o x i m a t e l y . 5 to over 19.5 f e e t of fill material have been
documented under the east bound lane of 1-70 (WALSH, 1992 and 1997b, Aguirre , 1995).

3.1.2 Petroleum Contaminated S o i l s and Ground W a t e r
Petroleum contaminated soils are known to exist near East 46th Avenue on Parcel 42 (0 G
Valentine Lumber). The extent of this contamination is not known, but may extend beneath the
bui ld ing f oundat i on s and into East 46th Avenue. Ground water f r om this site is also contaminated
with p e t ro l eum and may be contaminated with PCE. See T a b l e s 11, 13, and 14 for s u p p o r t i n g
data.
Minor petroleum soil contamination was documented on the southeast corner of Parcel 42, and at
two sites on Parcel 50 (Western Boom). The limits of the contamination on Parcel 50 is not
known, but the parcel has a history of bulk petroleum product storage ( T a b l e 6).
Petroleum soil contamination may be found along Parcel 49 (Central S t o r a g e ) near Brighton
Boulevard and under the concrete-covered parking area. The material under the concrete is also
contaminated with lead and arsenic. Ground water from TH-15 near the north end of the parcel
contains some fue l contamination and may require treatment prior to discharge. The ground
water also contains PCE ( T a b l e s 6, 8, and 9).
Bulk pe tro leum was also stored on Parcel 46 ( H y d r a u l i c Equipment Repair). D i s c o l o r e d , oi ly
soils on this parcel are also contaminated with lead and arsenic ( T a b l e 13).

D 01039
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3.1.3 PCE Contaminated Ground Water
All ground water in the Phase II construction area can be considered contaminated with
chlorinated compounds which will require treatment prior to discharge.
PCE is known to occur on six parcels within the construction area. The MCL for PCE was
exceeded in ground water samples f rom Parcel 40 (unpaved parking lot and exit ramp - now
under construction), Parcel 42 (O G Valentine Lumber), Parcels 52/53 (Unpaved parking lot and
vacant storage l o t ) , Parcel 50 (Western Boom), Parcel 49 (Central S t o r a g e ) , and Parcel 46
( H y d r a u l i c Equipment Repair). The highest concentration of PCE was de t e c t ed in the ground
water f rom TH-19 on Parcel 49 (140 p p b ) . 1 , 1 , 1 - T C A was f ound on Parcel 46 ( H y d r a u l i c
Equipment Repair) and D C M , at level s exceeding the M C L , was noted on Parcels 46 and 50
(Western Boom) (Table s 9,11, and 15). Figure 5 shows the lates t data and concentrations of
VOCs in the study area.

3.1.4 Black Fill Material Contaminated with Heavy Metal s , Oil, and PAHs
Black-colored fill material was noted on Parcel 46 ( H y d r a u l i c Equipment Repair) and Parcel 49
(Central Storage). This fill material contains concentrations of lead and arsenic above the regional
and local ranges. The fill also is contaminated with S V O C s (mainly combustion p r o d u c t s ) and oil
( p a r t i c u l a r l y on Parcel 46). The concentration of S V O C s is not considered a s i g n i f i c a n t health or
s a f e t y risk and the metals are re la t ive ly insoluble. T h i s material should be considered a sp e c ia l ,
not hazardous waste. The extent of this black fill is not known. The source of the hydrocarbons
and S V O C s is believed to be from operational practices on the sites; the elevated metal content
probab ly results f rom the use of smelter waste f rom the Omaha and Grant S m e l t e r as a fill
component ( T a b l e s 3, 4, 5, 6, and 7).

3.2 Phase 111 C o n s t r u c t i o n Area
Intrusive activities in the Phase III construction area includes the demolition of existing structures,
excavations for uti l i t ie s and support structures, and construction of the access roads along the
north side of 1-70. These activities will be occurring hi areas of known soil and ground water
contamination. The majority of this contamination will be concentrated along the East 46th

Avenue/Brigh ton Boulevard f r o n t a g e areas.

3.2.1 Petroleum Contamination of Soil and Ground W a t e r
Petroleum contamination has been i d e n t i f i e d on Parcel 79 (Denver Fire S t a t i o n #9), Parcel 43
(Darko's Automotive), Parcel 99 (Lambert storage bui lding), Parcel 54 (Lambert Auto Parts) and
Parcel s 55 and 56 (Lambert Automob i l e Electronics). The extent of the contamination on these
sites is not well established. USTs may exist under present b u i l d i n g s and excavation may reveal
add i t i ona l contamination ( T a b l e s 6, 10, and 1 1 ) .

D 01040
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3.2.2 Discolored S o i l s Containing Heavy Metal s and PAHs a n d / o r Oil Contamination
PAH and heavy metal contamination was found in shal low di s co lored soils on Parcel 99 (Darko's
Automotive). The concentration of PAHs do not constitute a serious health and environmental
risk and the metals are not characteri s t i cal ly hazardous. T h i s material is a sp e c ia l , not a
hazardous waste. The contamination of this material is probab ly due to operational practices on
the site. The contamination may be restricted to the site and to a d ep th of less than 3 f e e t (Table s
11, 13, 14).

3.2.3 Ground Water Contaminated with PCE (also 1 , 1 , 1 - T C A and D C M )
Ground water in the Phase HI construction area is wide ly contaminated with PCE and will require
treatment prior to discharge. Ground water f r om Parcel 99 (Lambert storage b u i l d i n g ) is
contaminated with PCE above the Colorado M C L s . The concentration on Parcel 99 was the
highest detected in the recent study (530 ppb). PCE and 1 , 1 , 1 - T C A was also detected in 1991 on
Parcel 56 (Lambert parking lot adjo ining Lambert Automobile Electronics). Recent data suggests
that a large plume of PCE has migrated into the Phase n and HI construction areas ( T a b l e s 9, 10).
A l t e r n a t i v e l y , several sources of contamination may exist within the work areas. F i g u r e 5 shows
the latest data and VOC concentrations in ground water.
The CDOT is concerned mat contaminants in the soil and ground water will adversely a f f e c t
worker health and sa f e ty during construction activities.

3.3 S i t e I n v e s t i g a t i o n A c t i v i t i e s
W A L S H conducted a S i t e I n v e s t i g a t i o n o f t h e Phase I I a n d I I I areas i n 1998 ( W A L S H , 1998).
F o u r soil borings were d r i l l e d along the route of the 44th S t r e e t and Brighton Boulevard
expansion and UPRR relocation (Parcel s 49 and 50). One test hole was d r i l l e d a long the route
of a propos ed storm sewer (Parcel 42). One test hole was d r i l l e d down-gradient f rom a
suspec ted sand trap or unregistered UST and a long the route of the west-bound onramp to 1-70
(Parcel 99). One test hole was dr i l l ed on Parcel 55 along the path of a storm sewer line and in
the area a f f e c t e d by the expansion of Brighton Boulevard. T h i s test hole was also down
gradient from a p o s s i b l e UST on Parcel 66 or in Brighton Boulevard and cross-gradient to a
former UST on Parcel 54.
The test holes were g enera l ly sampled to 36.5 f e e t below the sur fac e , and c o m p l e t e d as
monitor wel l s to 35 f ee t . Depth to ground water in the area ranges f rom 27 to 31 f e e t below
the sur fac e ( F i g u r e 4). T e s t hole s were monitored during d r i l l i n g for both combus t i b l e gases
and V O C s using a cal ibrated G a s T e c h Mode l 1314 combus t ib l e gas indicator (CGI) and a
calibrated HNu Model 101 pho to ioniza t ion detec tor (PID). S a m p l e headspace measurements
were taken u s ing the PID to f i e l d screen for V O C s . Soi l s a m p l e s were also f i e l d screened for
e l evat ed concentrat ions of radioac t ive elements using a r a d i a t i o n d e t e c t or . Soil and ground
water sample s f r o m soil borings and monitor w e l l s were analyzed according to the work p l a n s
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(WALSH, 1998a, b). The location of the WALSH- test holes f r om the 1998 s tudy, earlier
WALSH invest igations, and the Aguirre Engineering geotechnical test holes are shown on
F i g u r e 2.
Geoprobe soil borings to 10 f e e t total d e p t h were dr i l l ed at f o u r sites hi the Phase II and III
construction areas. Three Geoprobe soil sampl ing sites were located along the southeast side
of the Central S t o r a g e bu i ld ing on Parcel 49.. T h e s e sample s were c o l l e c t ed to determine if
former tanning operations in the Central Storage building had a f f e c t e d the metal content of the
sha l low so i l s . One area of black metal-bearing fill was i d e n t i f i e d in GP-4. T h i s locat ion is
shown on F i g u r e 2. One Geoprobe soil sample site was p la c ed along the pa th of the p ede s t r ian
underpass in the median strip between the lanes of East 46 th Avenue. No smelter waste or
other contamination was noted.

3 . 4 Dewatering i n Phase I I a n d Phase I I I Cons t ruc t i on Areas
Dewatering may be necessary for highway support piers or retaining wall foundations. U t i l i t y
excavations will generally not encounter ground water. The Colorado standard for total
suspended s o l i d s (TSS) and gross alpha and beta radiation was exceeded in the test holes
dr i l l ed in the Phase II and m construction areas. The s e result s are consistent with discharge
parameter te s t ing conducted hi other WALSH test holes hi the Denver Coli seum area
(WALSH, 1997). T a b l e 14 summarizes the discharge parameter results .

3.5 I n t r u s i v e A c t i v i t i e s in Areas Not Screened by the S i t e I n v e s t i g a t i o n
Should the construction activities be modi f i ed to include intrusive activities hi areas not evaluated
hi the Site. Inve s t iga t i on , that is, hi areas other than shown on Figure 2, a determination of the
potential for encountering hazardous materials should be made. This can be accomplished by
sampling the areas prior to the actual construction phases, or by taking adequate precautions to
have the excavations and materials handling monitored by a qual i f i ed environmental pro f e s s i onal
to i d e n t i f y health and s a f e t y and materials management implications.
Contamination may exist under buildings and paved surfaces. These areas of hidden
contamination are most likely to occur adjacent to structures which have a history of usage as
service stations, bulk petroleum storage s i te s , dry cleaning establishments, or other commercial
enterprises which employed USTs and ASTs. Properties hi the Phase II area on which hidden
contamination may be expected include: the north side of Parcel 42 (O G Valent ine Lumber),
Parcel 50 (Western Boom), and Parcel 46 ( H y d r a u l i c Equipment Repair). Properties hi Phase IE
on which hidden contamination is likely include: Parcel 79 (Denver Fire S t a t i o n #9), Parcel 99
(Lambert storage bu i ld ing), Parcels 54 and 55 (Lambert Auto Parts and Automobile Electronics).
The l i s t ing of site assessment reports prepared to date are included hi the reference section at the
end of this report.
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W A S T E I D E N T I F I C A T I O N A N D C H A R A C T E R I Z A T I O N
4.1 M a t e r i a l s H a n d l i n g and S c r e e n i n g
All excavations and intrusive construction activities undertaken in the p r o j e c t area will be
monitored by an Environmental Spec ia l i s t (ES) to assist in the ident i f i ca t ion of the presence of
hazardous materials and to ensure that all suspect materials are handled in accordance with the
provisions of this plan. The ES will be qual i f i ed by education or experience in the ident i f i ca t i on,
characterization, and handling of hazardous materials. The ES will have the authority to s top
work in any area if the site conditions are considered to be unsafe, changed f rom previous
estimates, or a threat to contaminate other areas.
The ES will observe all intrusive work in the construction zone and monitor the soils visually to
detect the presence of buried containers or grossly contaminated materials, and with the use of a
photoionization detector, i d e n t i f y the presence of volat i le organic compounds in the soils. If any
indication that contaminated materials have been encountered, a determination will be made to
halt work until the area can be assessed. Excavated contaminated materials will be stockpiled
pending analysis and until they can be characterized and managed according to the guidelines of
this plan. This determination will be made based on whether the site conditions are consistent
with the information available on that particular location, and the proposed construction activities
in that area. The ES will consult with the CDOT Environmental Projec t Manager to decide on
the best course of action for handling the situation and for allowing the work to proceed in this
area. Ground water must be treated to conform to the limits set f o r t h in the C D P H E discharge
permit.
Once the intrusive activities are completed in a particular area, or if a s u f f i c i e n t area has been
screened to determine that no hazardous materials will be encountered during the work in that
area, the ES can suspend the site monitoring and allow the contractor to proceed with the work hi
the area. The contractor will be instructed in methods for detennining that hazardous materials
have been encountered hi areas which do not have a high potential for being impacted, and will be
instructed to call the Environmental Project Manager or the ES to inspect the area prior to
proceeding.

4.2 S u s p e c t M a t e r i a l s S t a g i n g and S a m p l i n g
WALSH recommends that workers wear gloves as a precautionary measure to minimize contact
with the soil. If contaminated soils are encountered (visible contamination, odor, PID readings),
then the soils should be s t o ckp i l ed . The staging areas will a l low for the s a f e storage and sampling
of the soils which are suspected to be contaminated. The staging areas will be located hi areas
selected by the Contractor hi consultation with C D O T . T h e s e areas will be lined with 6 mil
p l a s t i c and covered with p l a s t i c sheeting at the conclusion of each work day. The cover will
_____________________________ D 01043
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ensure that no runof f will occur from the waste materials into surface waters during rain events.
A berm will be created around the s taging areas to prevent any r u n o f f f r om the surface soils f r o m
impacting areas outside of the impoundment and to prevent surface waters from entering the site
during rain events. Material s will only be kept at this location for the time required to analyze,
and determine the proper handling procedures.
Once suspect materials have been moved to the staging area, representative samples will be
co l l e c t ed for laboratory analysis by the ES. S t o c k p i l e d soils f r o m Parcel 49 (Central S t o r a g e ) ,
Parcel 43 (Darko's Automot ive), and Parcel 46 ( H y d r a u l i c Equipment Repair) will be tested for
total RCRA metals and TEPH using compost ing techniques to ensure representative sampling. A
small amount of material will be col lected f r om a large number of locations and placed into a
clean stainless steel bowl. The composite sample will be well mixed and transferred to individual
sample jar s for transportation to the laboratory.
S t o c k p i l e d soils from Parcels 42, 79, 54, 55, and 56 will be tested for TEPH and po s s i b ly B T E X .
S a m p l i n g will be conducted as explained above.
The number of samples collected from each material s tockpi l ed depends on the types of material,
the homogeneity of the material, and the total amount of soil s i d e n t i f i e d . For example, if soils are
excavated from an area previously iden t i f i ed as being contaminated with only petroleum
hydrocarbons, a minimum of one sample is required for each 1000 cubic yards of material sent
for d i spo sa l . Disposal fa c i l i t i e s may have additional sampling requirements. These fac i l i t i e s will
inform the contractor of sampling frequencies before any material is accepted. A higher sampling
frequency may be required of unknown materials for which no previous data is available.
Ground water in the Phase n and ffl area exceeds C G W S s for TSS and must undergo treatment
prior to discharge. PCE contamination is widespread in the construction area. Ground water
may require treatment to remove PCE, 1 , 1 , 1 - T C A , and methylene chloride b e f or e discharge.
The ground water is also contaminated in several areas with petroleum hydrocarbons. S a m p l i n g
parameters and testing frequency will be sp e c i f i ed in the ground water discharge permit issued by
t h e C D P H E .

4.3 Laboratory A n a l y s i s
Compos i t e soil samples will be analyzed for total RCRA metals by EPA Method 6020A at a
qua l i f i ed laboratory. Discolored fill materials from the s tudy area are known to contain low
concentrations of PAHs which are likely the combustion by-products of coal. These compounds
are unregulated at the concentrations detected in the samples. In WALSH's opinion, fur ther
testing for S V O C s will s u p p l y l i t t l e additional information and is unnecessary. S a m p l e s collected
for waste characterization will be analyzed using standard EPA methodology appropr ia t e for the
type of material. S a m p l e s for materials which may require di sposal or samples for the
i d e n t i f i c a t i o n of unknown materials should be analyzed using EPA SW-846 methods for the
characterization of waste and the i d e n t i f i c a t i o n of hazardous wastes.
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Petroleum contamination is known to occur in the area. • S t o c k p i l e d soils should be analyzed using
methodologies identi f ied by the Colorado Department of Public H e a l t h and the Environment
Underground S t o r a g e Tank Division. The primary analysis would be T o t a l Extractable Petroleum
Hydrocarbons ( T E P H ) . I n W A L S H ' s opinion, T o t a l V o l a t i l e Petroleum Hydrocarbons ( T V P H ) ,
Benzene, T o l u e n e , Ethylbenzene, Xylene s (BTEX), Methyl tert-butyl ether (MTBE), and Oil and
Grease are optional analyses.
S a m p l e s contaminated with petroleum hydrocarbons f r om underground storage tanks (known to
occur along East 46th Avenue between Frankl in and Brighton Boulevard, and near the corner of
Brighton Boulevard and East 46th Avenue) which exceed the site action level ( R A C - I I 2 5 0 m g / K g )
will also require characterization analyses for disposal criteria. T h e s e analyses include:
igni tabi l i ty; T C L P metals; paint f i l t e r ; and total petroleum hydrocarbons.
Petroleum contamination may also occur in the soils excavated from Parcels 46 and 50. This
contamination is believed to the .result of leakage f rom bulk petroleum products stored on the
sites. The petroleum contamination hi Parcel 46 is mainly oil and grease, but samples exceeding
RAC n TEPH levels should be tested for total metals and RCRA characteristics for disposal
purposes. Oil and solvent contamination may be encountered in soils on Parcels 55 and 56
(Lambert Automobile Electronics and parking l o t ) , part i cularly when demolition of the bui lding is
commenced and the hydraulic oil USTs are removed.
The actual set of analyses for which each sample will be analyzed depends on the information
available on the source of the chemicals, the preferred method of handling, and the amount of the
material, therefore it is not pos s ib le to list all of the p o s s i b i l i t i e s in this document. All f i e l d
decisions regarding the proposed remedial action and the analysis of the samples will be
documented separately to the p r o j e c t engineer as soon as this data is available on the p r o j e c t .

4,4 S o i l D e s i g n a t i o n and D i s p o s a l C r i t e r i a
The disposition of suspect materials encountered on this projec t will be performed in accordance
with a p p l i c a b l e waste management guidelines where appropr ia t e or by the standards included in
this document for those chemicals for which there are no standards. The source of these
standards is the Environmental Protection Agency in the Hazardous Waste Regulations (40 CFR
261), the Colorado Department of Public H e a l t h and Environment for the underground storage
tank regulat ions , C D P H E for drinking and surface water standards, and other sources.
The f ir s t approach to d e f in ing the regulatory category hi which each of the waste materials would
be id en t i f i ed is to determine if the wastes are due to a listed waste. If the material is a listed waste
based on the source which created the waste, it may be considered to be an EPA hazardous waste.
If a determination cannot be made as to the c la s s i f i ca t i on of the source, the materials will be tested
for its c l a s s i f i c a t i o n as a characteristic waste. Hazardous wastes are characteristic according to
analysis of TCLP extraction and analysis of vo la t i l e and semi-volatile organic compounds, and
metals. If a particular material does not meet the criteria of a l i s t ed or a characteristic waste, the
presence of certain concentrations of other chemicals may s t i l l warrant the c l a s s i f i c a t i o n of the
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wastes as hazardous. In some cases, this determination can be made with consul tat ion with the
USEPA or the C D P H E .
T a b l e 1 l i s t s the soil c l a s s i f i c a t i o n criteria for solid waste materials encountered on this pro j e c t
based on the concentrations of particular contaminants detected in soil samples. The analytical
results will be compared to the individual analytes on the table to i d e n t i f y the c la s s i f i ca t i on of the
materials. S o i l s c la s s i f i ed in the various categories will then be handled according to the materials
management guidelines in Sect ion 5.
5 D I S P O S I T I O N O F C O N T A M I N A T E D M A T E R I A L S
The f o l l o w i n g section i d e n t i f i e s the options available for the d i spo s i t i on of suspect materials
characterized in the various categories based on the laboratory analysis performed and the results
based on a comparison to the categories in T a b l e 1. In addition, s p e c i f i c guidelines and
procedures are detailed for work in spe c i f i c areas of the pro j e c t .

5.1 P e t r o l e u m C o n t a m i n a t e d M a t e r i a l s and S p e c i a l W a s t e s
The results of the S i t e Invest igation (SI) (WALSH, 1991b, 1992, 1998c) suggest that there is a
high probabi l i ty of encountering petroleum contaminated soils in the course of this p r o j e c t . Based
on the proximity to ground water, the remedial action category (RAC) most likely spec i f i ed for
this area is RAC EL This category is moderately stringent and s p e c i f i e s that soils in excess of 250
m g / K g of total petroleum hydrocarbons or 50 m g / K g of BTEX in soils be removed when
encountered and not replaced in the ground.
S o i l s with petroleum hydrocarbons present in concentrations below the RAC H level may
technically be used without restriction on the pro j e c t , but appropr ia t e locations should be
i d en t i f i ed to minimize the impact to surface and ground water for soils with s ignif icant petroleum
concentrations below this RAC level.
Special Wastes are identi f ied as wastes from industrial operations or remediation of these wastes
which are high enough in concentration to pose a potential health threat hi uncontrolled locations,
but are not high enough in concentration to be considered as hazardous wastes. These materials
must be transported to an appropriate disposal fa c i l i ty permitted to receive the spe c i f i c materials.
The SI (WALSH, 1998c) and previous studies (WALSH, 1991b, 1992, 1996) id en t i f i ed a
discolored (black) fill material hi the vicinity of the Denver Coliseum parking lot which contained
elevated concentrations of heavy metals (zinc, copper , lead, and mercury), low concentrations of
S V O C s , and relat ively minor petroleum contamination. Similar material has been found on
Parcel 49 (Central Storage) and Parcel 46 (Hydraul i c Equipment Repair). Black fill material
containing elevated concentrations of metals and some petroleum contamination was also found on
Parcel 43 (Darko's Automotive). Segrega t i on and s t o c k p i l i n g of p o t e n t i a l l y or vi s ibly
contaminated soils is discussed in Sect ion 4.2. T a b l e s summarizing the analytical results for the
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soil and ground water samples f rom the 1991 and 1998 site investigations are presented in the
T a b l e Sec t ion at the conclusion of this report.

5.2 H a z a r d o u s Was t e s
The potential exists that materials which may be c la s s i f i ed as hazardous waste will be encountered
on this p r o j e c t . If s tockpiled materials are i d e n t i f i e d as hazardous wastes, the materials will be
containerized hi drums or hi r o l l o f f bins and covered immediately to prevent personnel exposure
to these materials and to prevent contamination of other materials. The hazardous waste shall be
labeled and provisions should be made as quickly as po s s ib l e for having the material approved for
di sposal at an approved hazardous waste disposal f a c i l i t y . These wastes will then be manifested
and transported to the disposal f a c i l i t y in accordance with state and f ederal regulations by
a p p r o p r i a t e l y licensed, c er t i f i ed , and insured transporters.
Disposal of hazardous wastes will require that the generator obtain a hazardous waste generators
permit. If the generator does not have a permit already, a one-time not i f i cat ion permit can be
obtained from the C D P H E Hazardous Materials Division once these materials are i d e n t i f i e d .

5.3 G r o u n d W a t e r
Ground water in the Phase n and m construction areas exceeds Colorado drinking water
standards for several chlorinated compounds, particularly PCE and DCM. In addition, the
ground water exceeds C G W S s for TSS and hi places contaminated with petroleum hydrocarbons.
The ground water must undergo treatment prior to discharge. PCE and other solvents, may be
removed from ground water by air s t r i p p i n g , which will also remove volat i le petroleum
hydrocarbons. Diesel-range hydrocarbons and oils can be treated by bioreaction or through
carbon f i l t r a t i o n . DCM that is not removed through air s t r i p p i n g will be removed during carbon
fi l t ra t i on. S e t t l i n g or f l o c cu la t i on of the ground water either b e f or e air s t r i p p i n g will remove
excessive TSS and will reduce radiation levels. Exact treatment techniques will be dictated by the
conditions of the C D P H E discharge permit.
The s l u d g e / f l o c c u l a t e hi the s e t t l ing pond or tank and the carbon f i l t e r s will require testing prior to
disposal. The material should be tested for S V O C s , T E P H , total metals, and VOCs. Results of
the testing will determine if the material is suitable for reburial ( s l u d g e ) or di sposal o f f s i t e as a
special or hazardous waste.
Ground water is found at depth s exceeding 27 f e e t hi die p r o j e c t area and most excavations will
not encounter ground water. The ground water f l o w direction is shown on Figure 3. Ground
water f l o w s tot he northwest, towards die South Pla t t e River. Depdi to ground water is depic t ed
on Figure 4. Depth to ground water hi the individual test holes dri l l ed in the construction areas is
summarized on T a b l e 2.
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H a n d l i n g of the ground water must be performed in a manner which minimizes worker contact
and the impact to nearby soil and water resources. The f o l l o w i n g approach is suggested to
minimize contact with the ground water: dewatering of excavations and temporary storage of the
water in oil f i e l d frac tanks or lined s e t t l i n g ponds. The water can then be removed to a treatment
area or treated onsite and then discharged to the sewer system if analyses indicate that the water
conforms to the CDPHE-i s su ed discharge permit.

}}1
I n f i l t r a t i o n ponds for die water may not be f ea s i b l e due to the widespread PCE contamination.

J However, aeration of the ground water in ponds may eliminate most of the solvent contamination.
If CDOT must discharge this ground water, then a di scharge permit must be obtained f rom the

I C D P H E . The permit will s p e c i f y treatment standards and testing requirements for the treated
e f f l u e n t .

4 TSS, metals , and natural radiation are reduced through s e t t l i n g a n d / o r f i o c cu la t ion. S V O C s
and pe tro l eum contamination are most readily removed from the waste stream through

3 absorption onto activated carbon. As mentioned above, air s t r i p p i n g e f f e c t i v e l y removes PCE.
One p o s s i b l e treatment scenario is as f o l l o w s : pump the ground water into a series of oil f i e l d
frac tanks to which a f l o c cu lant can be added; the clearer water can then be drawn off and1 f i l t e r e d to remove any remaining s i l t and clay and subsequently passed through an air s t r ipp er
and a series of activated carbon canisters. The treated e f f l u e n t must be analyzed to confirm the
e f f i c a c y of the treatment process.
A second treatment p o s s i b i l i t y is u l t rav i o l e t / o x ida t i on treatment hi which the f i l t e r e d water is
exposed to intense ultraviolet radiation in the presence of an oxidizing agent, u sual ly hydrogen
peroxide . T h i s process generates highly reactive hydroxyl radical s that react with and destroy
most organic chemical compounds. If des truction is c o m p l e t e , the f inal product s are carbon
d i o x i d e , water, and sal t s . T h i s treatment system is avai lable hi enclosed semi-trailers which
could be p lac ed near the site. H o l d i n g tanks ( f r a c tanks) would also be required.

5.4 T a n k Bottom S l u d g e and Carbon Cani s t e r s
Some contaminated materials will be generated by ground water treatment. Silt and clay in the
s e t t l i n g p o n d s / f r a c tanks should be analyzed to determine if it is contaminated with metals ,
pe tro l eum hydrocarbons and p o s s i b l y S V O C s . The concentrations of the metals (and the
TCLP r e s u l t s ) will determine whether the material can be d i s p o s e d of as special or hazardous
waste. If carbon absorption is used as a treatment process for the ground water, then the spent
f i l t e r s and carbon canisters must be di sposed of in an appropr ia t e manner. The suppl i er of the
carbon canister may include this service hi the price of the canisters. More l i k e l y , CDOT will
have to d i s p o s e of these materials as a special or hazardous waste.
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6 E M E R G E N C Y R E S P O N S E P R O V I S I O N S
In order to protect workers f r om the hazards presented by the contaminants present in the Phase n
and ffl construction areas, a s i t e- spec i f i c p r o j e c t H e a l t h and Safety Plan (HASP) has been
prepared for all construction activities. The HASP outlines s a f e t y procedures to be f o l l owed by
all site personnel. The s a f e t y procedures in contaminated areas are o f t e n ini t ial ly stringent,
requiring the continuous monitoring of ambient air for V O C s , explo s ive gasses, and radiation.
Subsequent to the Si t e Investigation by WALSH (1998c), these monitoring provisions have been
relaxed. Construction personnel need to avoid contact with the ground water and discolored soils.
Construction personnel should remain alert to the po s s i b i l i ty that undetected contamination may be
uncovered during demolition activities and installation of ut i l i t i e s and road modif i cat ions . If
contaminated soils are discovered, then a qua l i f i ed environmental pro f e s s i ona l will oversee the
proper s t o ckp i l ing , sampling and disposal of the soil. Addi t i onal s a f e t y measures may also be
implemented. All personnel working on this pro j e c t are required to be famil iar with the site
HASP and sign that they have reviewed it.

I As a part of this health and s a f e t y program, an emergency response p lan (ERP) has been
^_ prepared. T h i s ERP i d e n t i f i e s several procedures which will be ha p lac e to handle fore s e eab l e

emergencies. The types of emergencies which may impact the pro j e c t activities and the
• environmental conditions would include: encountering of drums, tanks, or other buried
* chemical containers, or previous ly undetected soil contamination.
I
I
I
1
I
1
1
1
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Plan for Site Investigation, Phase HI Construction 1-70, Humboldt Street to Brighton
Boulevard, City and County of Denver, Prepared for the C D O T ,

W a l s h Environmental Scient i s t s and Engineers, Inc. (WALSH),
A p r i l 22, 1997.

1998c, Final Site
Investigation 1-70 Phase II and III Construction, 44h Street to Brighton Boulevard, City

\
\
1
1
1
1
1
1
1
1
1
1

and County of Denver, Prepared for the C D O T , July 23, 1998.

-
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Environmental Scienti s t s and Engineers, Inc

I

T a b l e 1 S O I L S D E S I G N A T I O N A N D D I S P O S A L C R I T E R I A
Analytical Results

Tota l BTEX

TEPH
S e m i v o l a t i l e Organic

Compounds 8

V o l a t i l e Organic
Compounds

Arsenic
Barium

Cadmium
Chromium

Lead
Mercury
Selenium

Silver

Disposal Method

"Uncontaminated11

0 to 50 rag/kg

0 to 250 mg/kg
O m g / k g

< 20x MCL for
Selec t ed VOCs4

0 to 50 rag/kg
O t o l , 0 0 0 m g / k g

0 to 35 m g / k g
0 to 365 mg/kg
0 to 500 mg/kg
0 to 15 mg/kg
0 to 10 m g / k g
0 to 50 m g / k g

On-site - if
appropriate
locations are

available

"Contaminated"*

. >50 m g / k g 5 '

> 250 m g / k g 5

> O m g / k g 7

> 20x MCL for selected
VOCs 4

> 50 m g / k g 1

> 1,000 mg/kg 1

> 35 m g / k g 2

> 365 mg/kg 2

> 500 mg/kg 3

> 15 mg/kg 2

> 10 m g / k g 1

> 50 mg/kg 1

O f f - s i t e :
Sol id Waste Disposal

F a c i l i t y

"Hazardous Waste"
40 Code of Federal Regulations
Part 261 (Identified as having
hazardous waste characteristics, is
a l i s t ed waste, or f a i l s TCLP
l i m i t a t i o n s . )

List ed wastes

Listed wastes or > T C L P limit
for certain VOCs
> 5 mg/L TCLP
> 100 mg/L TCLP
> 1 mg/L TCLP
> 5 mg/L TCLP
> 5 mg/L TCLP
> 0.2 mg/L T C L P
> 1 mg/L T C L P
> 5 m g / L T C L P

O f f - s i t e :
Hazardous Waste Disposal

F a c i l i t y

1 U p p e r level is 10 times the T C L P limit2 C a l i f o r n i a Department of H e a l t h Services Total T h r e s h o l d Limit Concentration ( C a l i f o r n i a
Administration Code, 1985)

3 O f f i c e of Solid Waste Emergency Response Directive (EPA, 1989; 1991)
4 Proposed action levels previously presented to CDH and EPA ( W C C , 1991), (regulated VOCs

concentrations limited to 20 X state Ground Water Standard (5 Colorado Code of Regulations
1002-8).

5 Remedial Action Category H (CDH, 1991), (for non-UST sources benzene limited to TCLP
standard of 0.5 mg/1)

6 All "contaminated" waste with total concentrations greater than 20 X TCLP limits will be analyzed
by TCLP methods for hazardous waste determination

1 Concentration dependent on species and risk-based analysis
8 Listed Compounds Only

D 01053
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Environmental Sc i en t i s t s and Engineers, Inc

T a b l e 2 D e p t h t o G r o u n d w a t e r ( F e e t )
Location Depth to

Ground
Water Below
T.O.C.

Elevation of
Casing

Elevation of
S u r f a c e

Ground Water
Elevation

WALSH Test Hol e s May 1998 A

T H - 1 9
TH-20
T H - 2 1
TH-22
T H - 2 3
T H - 2 4
T H - 2 5

29.65
29.81
30.16
30.18
29.23
29.42
28.96

5187.27
5187.41
5187.63
5187.50
5185.71
5185.11
5184.98

5157.62
5157.60
5157.47
5157.32
5156.48
5155.69
5156.02

WALSH Test Hol e s June 1997° •.,: if
DC-2
DC-3
DC-4

15.14
10.02
9.09

5168.25
5163.72
5162.00

5168.45
5163.99
5162.32

5153.11
5153.70
5152.91

WALSH Test Hole s 1991B

T H - 1
T H - 2
T H - 3
T H - 4
T H - 5
T H - 6
T H - 7
T H - 8
T H - 9
T H - 1 0
T H - 1 1
T H - 1 2
T H - 1 3
T H - 1 4
T H - 1 5
T H - 1 6
T H - 1 8

17.37
12.62
9.87
10.10C

11.48
18.08
28.80
26.88F

28.82
29.03
27.09
28.23"
27.87
27.68
27.46
27.035

26.66
28.62
29.95"
28.05
29.10'

5170.08
5163.41
5160.09
5158.47
5152.01
5184.31
5180.78
5181.78
5182.96
5181.24
5181.56
5181.62
5181.83
5181.00
5182.54
5184.50
5183.24

5170.29
5163.74
5160.26
5158.72
5150.28
5183.12
5181.17
5182.03
5183.13
5181.48
5181.85
5181.93
5182.18
5181.37
5182.95
5184.71
5183.65

5152.71
5150.79
5150.22
5149.99
5146.99
5133.93
5155.51
5153.90
5152.96
5153.93
5154.15
5153.01
5153.69
5153.94
5154.37
5153.97
5155.88
5155.88
5154.55
5155.19
5154.14

Aguirre Piezometers 1992-1994D

BW-l
BW-5
BW-10
BW-13
BW-l 8
T H W - 2 9

(6 .1)20 .0
( 9 . 8 ) 3 2 . 1
(7.6) 24.9
( 1 1 . 9 ) 3 9 . 0
(10.7)35.1
(13.1)43.0

(1568.5) 5144.7
(1572.0) 5156.2
(1574.6) 5164.7
(1579.4) 5180.4
(1580.0) 5182.4
(1579.2) 5179.8

5124.7
5124.1
5139.8
5141.4
5147.3
5136.8

0 01054
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Environmental Sci en t i s t s and Engineers, Inc

1

1
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1

T a b l e 2 ( C o n t ' d ) D e p t h t o G r o u n d w a t e r ( F e e t )
Location Depth to

Ground
Water

Elevation of
Casing Elevation of

Surfac e
Ground
Water
Elevation

Aguirre Soil Borings*' 1992
B-2
B-3
B-4
B-6
B-7
B-8
B-9
B-ll
B-12
B-14
B-15
B-16
B-17
B-19

(7.6) 24.9
(2.2) 7.2
(7.3) 23.9—
(13.4)44.0
(12.9) 42.3
(8.8) 28.9
(9.1)29.8
(8.8) 28.9
(8.6) 28.2
(8.4) 27.6
(8.4) 27.6
(8.4) 27.6
(8.3) 27.2

(1569 .6) 5148.3
( 1 5 6 6 . 3 ) 5137.5
( 1 5 7 1 . 9 ) 5 1 5 5 . 8
( 1 5 7 0 . 6 ) 5 1 5 1 . 6
( 1 5 7 2 . 6 ) 5 1 5 8 . 1
( 1 5 7 2 . 6 ) 5 1 5 8 . 1
( 1 5 7 3 . 7 ) 5 1 6 1 . 7
(1579.4) 5180.4
( 1 5 7 9 . 6 ) 5 1 8 1 . 1
(1579.4) 5180.4
(1579.4) 5180.4
(1579 .1)5179 .4
(1579 .7)5181 .4
(1579.9) 5182.1

5123.4
5130.3
5131.9—
5114.1
5115.8
5132.8
5150.6
5152.2
5152.2
5152.8
5151.8
5153.8
5154.9

Aguirre Test Holes 1 5 1994
T H - l
T H - 2
T H - 3
T H - 4
T H - 5
T H - 6
T H - 7
T H - 8
T H - 9
T H - 1 0
T H - 1 1
T H - 1 2
T H - 1 3
T H - 1 4
T H - 1 5
T H - 1 6
T H - 1 7
T H - 1 8
T H - 1 9
TH-20
T H - 2 1
T H - 2 2
T H - 2 3
T H - 2 4
T H - 2 5

(6.0) 19.6
(4.0) 13.1
( 1 . 3 ) 4 . 1
(7.0) 23.0
(6.4) 20.9
—
(5.5) 18.0
(3.6) 11.8
(5.2) 16.9
(3.9) 12.8
(3.6) 11.9
(3.9) 12.8
( 3 . 3 ) 10.8
( 3 . 9 ) 12.8
( 5 . 2 ) 16.9
(6.7) 21.9
(8.2) 27.0
(9.4) 30.8
(10.8) 35.4
(12.5)41.0
(9.3) 30.5
(8.8) 28.9
(9.6) 31.5
(8.4) 27.6
(8.4) 27.6

(1569.7) 5148.6
(1569.4) 5147.6
(1566.0) 5136.5
( 1 5 7 1 . 7 ) 5 1 5 5 . 2
( 1 5 7 1 . 8 ) 5 1 5 5 . 5
( 1 5 7 1 . 1 ) 5 1 5 3 . 2
(1573.3) 5160.4
(1572.7) 5158.5
(1572.5) 5157.8
(1572.5) 5157.8
( 1 5 7 2 . 6 ) 5 1 5 8 . 1
(1572.5) 5157.8
( 1 5 7 3 . 2 ) 5 1 6 0 . 1
(1574.2) 5163.4
(1574.8) 5165.3
( 1 5 7 6 . 1 ) 5 1 6 9 . 6
(1578.2) 5176.5
( 1 5 7 9 . 6 ) 5 1 8 1 . 1
(1579.5) 5180.8
(1579 .3)5180 .1
(1579.9)5182.1
(1579.8)5181.7
(1579.3) 5180.1
(1579.5) 5180.8
( 1 5 7 9 . 6 ) 5 1 8 1 . 1

5129.0
5134.5
5132.4
5132.2
5134.6
—
5142.4
5146.7
5140.9
5145.0
5146.2
5145.0
5149.3
5150.6
5148.4
5147.7
5149.5
5150.3
5145.4
5139.1
5151.6
5152.8
5148.6
5153.2
5153.5
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Environmental S c i e n t i s t s and Engineers, Inc

T a b l e 2 ( C o n t ' d ) D e p t h t o G r o u n d w a t e r ( F e e t )
Location

TH-26
TH-27
T H - 2 8
TH-30

Depth to
Ground
Water
(8.8) 28.9
(8.5) 27.9
(7.9) 25.9
(7.9) 25.9

Elevation of
Casing

Elevation of
Surfac e
0579.8)5181.7
(1579.8)5181 .7
(1579.3) 5180.1
(1579.4) 5180.4

Ground
W a t e r
Elevation
5152.8
5153.8
5154.2
5154.5

A = Tes t holes d r i l l e d May 1998. Water l e v e l s measured on May 26, 1998. Measurements
in f e e t .B = W a t e r l eve l s measured February 13, 1992. Measurements in f e e t .c = Water level measured on June 5, 1997. Measurement in f e e t .D = W a t e r measurements latest avai lable - January 31, 1995. Measurements in parentheses meters.E = Water l eve l s probably not s tabil ized at time of measurement.f = Water level measurements from April 9, 1991.'0 = Water level measurements from June 5, 1997.H = Water level measurement from May 26, 1998.1 = Water level measurement from May 5, 1998.

T.O.C. = Top of Casing

1
1
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i i i i v i r o i i i n c i u u l S c i c n t i s i s a n d Engineers , I n c

T a b l e 3 S o i l C o n c e n t r a t i o n s o f M e t a l s ( m g / K g ) a n d T y p i c a l Loca l a n d R e g i o n a lRanges - H u m b o l d t / 4 4 T H S t r e e t s to B r i g h t o n Boulevard (WALSH 1998
T e s t H o l e s )

M e t a l

Arsen i c
Barium
C a d m i u m
Chromium
Lead
Mercury
S e l e n i u m
S i l v e r

CDOTMean 1

5.5
563
1.83
12.5
33
<DL<-(0.1)
<DL-(10)
< D L - ( 1 )

CDOTRange
N D 5 - 1 3
13-1000
N D - 6
N D - 1 4
1.8-80
ND-0.2
ND-2
N D - 1

W e s t e r n
U . S .Range7

0.1̂ 10
100-3000
0.01-2
5-1500
2-300
0.01-0.055
0.01-12
0.01-8

U . S .T y p i c a lRange3

1-40
100-3000
0.01-7
5-3000
2-200
0.01-0.08
0.1-2
0.1-5

T H - 1 9

7.6
100

N D
8.7
7.3
N D
N D
N D

T H - 2 0

7.1
53
N D
5.7
N D
N D
N D
N D

T H - 2 1

N D
24
N D
2.5
N D
N D
N D
N D

T H - 2 2

N D
29
N D
3.2
5.6
N D
N D
N D

T H - 2 3

6.4
33
N D
3.9
N D
N D
N D
N D

T H - 2 4

11
150

N D
12
32
0.13
N D
N D

T H - 2 5

6.9
62
N D
5.8
53
N D
N D
N D

Oo->•oOl-4

(1) C a l c u l a t e d f r o m 71 soil sample s c o l l e c t e d f r o m CDOT p r o j e c t s in the Denver M e t r o Area.
(2) Bowen, 1979(3) Dragun. 1988
(4) D e t e c t i o n L i m i t
( 5 ) N o t DetectedBold numbers exceed U.S. T y p i c a l Ranges or local CDOT ranges for a p a r t i c u l a r me ta l .
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Environmental S c i e n t i s t s and Engineers. Inc

T a b l e 4 S o i l Concen tra t i on s o f M e t a l s (mg/Kq) and T y p i c a l Local andRegional Ranges - H u m b o l d t / 4 4 S t r e e t s to B r i g h t o nBoulevard ( W A L S H 1998 G e o P r o b e S o i l S a m p l e s )
Metal

Arsenic

Barium
Cadmium
Chromium
Lead

Mercury
Selenium
S i l v e r

CDOT
Mean1

5.5

563
1.83
12.5
33

<DL4-
(0.1)
<DL-(10)
<DL-<1)

CDOTRange

ND*-13

13-1000
ND-6
ND-14
1.8-80

ND-0.2
ND-2
ND-1

Western
U . S .Range2

0.1̂ 0

100-3000
0.01-2
5-1500
2-300

0.01-0.055
0.01-12
0.01-8

U . S .
Typica l
Range3

1̂ 0

100-3000
0.01-7
5-3000
2-200

0.01-0.08
0.1-2
0.1-5

Location and S a m p l e D e p t h ( F e e t )
GP-1
(1.9-2.9)
black f i l l
93
( N D )
800
3.1
10
970
(0.24)
N D
ND
4.3

GP-1
(1.9-10.0)
b l . F i l l
excl.
6.3

70
N D
7.1
N D
N D
ND
N D

GP-2
(3-10)

N D
4.7
N D
N D
ND
ND
N D
N D

GP-3
(4-10)

N D
24
N D
2.0
N D
ND
ND
N D

GP-4
(2.5-10.0)

N D
12
N D
1.8
N D
N D
ND
N D

(5) Calculated f rom 71 soil samples col lec ted f r o m CDOT p r o j e c t s in the Denver Metro Area.
(2) Bowen. 1979
(3) Dragun. 1988
(4) Detection Limit
(5) Not DetectedBold numbers exceed U . S . T y p i c a l Ranges or local CDOT ranges for a particular metal.
TCLP results in parentheses.

T a b l e 5 S V O C s i n S o i l s ( u g / K g ) - H u m b o I d t / 4 4 T H S t r e e t s t oB r i g h t o n Boulevard
Compound

Benzo[a]pyrene
Benzo[b]f luoran th ene
2,6-Dinitrotoluene
Fluoranthene
Pyrene
Unknown Multi-ringed
Aromati c
S u l f u r , Mole cu lar

Location
T H - 1 9
ND
ND
500
ND
ND
ND
ND •

TH-20
ND
ND
ND
ND
ND
ND
1,900 T

TH-21
ND
ND
ND
ND
ND
ND
ND

TH-22
ND
ND
ND
ND
ND
ND
ND

TH-23
ND
ND
ND
ND
ND
ND
ND

TH-24
330
330
ND
510
580
170 T
ND

GP-4
ND
ND
ND
ND
ND
ND
ND

Concentrations in ug/Kg (parts per b i l l i o n ) .
ND = not detected
T = T e n t a t i v e l y I d e n t i f i e d Compound by mass spectrum

D 01058
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E n v i r o n m e n t a l S c i e n t i s t s and Engineers , Inc

T a b l e 6 C o n c e n t r a t i o n o f P e t r o l e u m H y d r o c a r b o n s i n S o i l ( u g / K g ) - H u m b o l d t / 4 4 T H S t r e e t s t oBrighton Boul evard , W A L S H 1998 T e s t H o l e s
Location and D e p t h (Feet)

A n a l y t e

Benzene
T o l u e n e
E t h y l b e n z e n e
T o t a l X y l e n e s
BTEX
M T B E
T V P H
T E P H

T H - 1 9
(5-6 .5)
N D
N D
N D
N D
N D
N D
N D
N D

T H - 1 9
(30-
3 1 . 5 )
N D
12
N D
5.6
17.6

N D
N D
N D

T H - 2 0
(30-
3 1 . 5 )
N D
N D
N D
N D
N D
N D
N D
ND

T H - 2 0
(35-
36.5)
N D
N D
N D
N D
N D
9.0
N D
ND

T H - 2 1
(5-6.5)
N D
N D
N D
N D
N D
N D
N D
3,100

T H - 2 1
(30-
3 1 . 5 )
N D
N D
N D
340
340
1,200
N D
N D

T H - 2 2
(10-
1 1 . 5 )

N D
N D
N D
N D
N D
N D
N D
N D

TH-22
(30-
3 1 . 5 )
N D
N D
N D
5.1
5.1
8.7
N D
N D

T H - 2 3
(5-6.5)
N D
N D
N D
N D
N D
9.3
ND
ND

T H - 2 3
(30-
3 1 . 5 )
N D
N D
N D
N D
N D
8.6
N D
ND

T H - 2 4
(5-6.5)
N D
N D
N D
N D
N D
12

ND .
17.000

T H - 2 4
(25-
3 1 . 5 )
N D
N D
N D
N D
N D
N D
N D
N D

T H - 2 5
(5-6.5)
N D
18
6.1
34
58.1
N D
N D
4,400

T H - 2 S
(25-
3 1 . 5 )
N D
N D
N D
N D
N D
N D
N D
N D

Bold values exceed Remedial A c t i o n Category 1 (RAG I) s t a n d a r d s e s tab l i sh ed by th e C D P H E for s o i l s a f f e c t e d by l eak ing underground s torage tanks (USTs) ( C D H ,1992).
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Environmental Scient i s t s and Engineers, Inc

T a b l e 7 C o n c e n t r a t i o n of P e t r o l e u m H y d r o c a r b o n s inS o i l ( u g / K g ) - G e o p r o b e S o i l S a m p l e s
Analyte

Benzene
Toluene
Ethylbenzene
Total Xylene s
BTEX
MTBE
T V P H
TEPH

Location and Depth (Feet)
GP-1
(1.9-2.9)
6.6 J
N D U J
6.3 J
111

23.9 .
94 J
N D U J
13,000

GP-1
(1.9-10.0)
N D U J
N D U J
N D U J
N D U J
ND
48 J
N D U J
N D U

GP-2
(3-10)
N D U
N D U
N D U
N D U
ND
N D U
N D U
N D U

GP-3
(4-10)
N D U
N D U
N D U
N D U
ND
N D U
N D U
N D U

GP-4
(2.5-10.0)
N D U
N D U
N D U
N D U
ND
N D U
N D U
N D U

ND = Not Detected
U = Compound was searched for but not detected at or above the method detect ion l imi t .
J = Compound was id en t i f i ed out of the method working l imi t s and should be considered an estimated
value.

T a b l e 8 V o l a t i l e Organic C o m p o u n d s in Ground Water (ug/L), 1998W A L S H Test H o l e s
Compound

Tetrachloroe thene
Methylene Chloride
Unknown C o n j u g a t e d
Compound

T H - 1 9
140
ND
8.6 T

TH-20
8.1
N D
ND

TH-21
7.8
12
N D

T H - 2 2
19
17
N D

TH-23
31
N D
N D

TEL-24
530
ND
N D

Bold values exceed the C D P H E M C L s for the respective compound.
"T" = Tenta t iv e ly id en t i f i ed compound

D 01060
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Environmental S c i e n t i s t s and Engineers , Inc

T a b l e 9 C h l o r i n a t e d S o l v e n t s i n G r o u n d W a t e r ( u g / L ) , 1991 W A L S H T e s t H o l e s
Compound

T e t r a c h l o r o e t h e n e
M e t h y l e n e C h l o r i d e
1 , 1 , 1-Trich loro e thane

T H - 6
4 J
20 B
8

T H - 9
6
N D
N D

T H - 1 1
2 J
N D
6

T H - 1 2
2 J
N D
2 J

T H - 1 4
2 J
N D
N D

T H - 1 5
2 J
N D
8

T H - 1 6
2 J
N D
N D

T H - 1 8
5
N D
N D

Bold value s exceed the C D P H E M C L s for the compound."J" = J u d g e d value
"B" = I n d i c a t e s t ha t the compound was f o u n d in the method b lank and has been corrected.
ND = Not Detected

T a b l e 1 0 T V P H i n Ground Water ( u g / L ) , W A L S H 1998 T e s t H o l e s
Location
Concentrat ion

T H - 1 9
N D

T H - 2 0
N D

TH-21
N D

T H - 2 2
N D

TH-23
N D

TH-24
.1,100

TH-25
N D

ND = Not Detected

\ \ cmcrpns c \pro j cn\pro ja i s \ cdo i \3M8\300Smmp.d ix; .07 .24 .98
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T a b l e 1 1 T V P H i n Ground Water ( u g / L ) ,W A L S H 1991 T e s t H o l e s
Location .

T H - 6
T H - 7
T H - 9
T H - 1 0
T H - 1 0 (1998)
T H - 1 1
T H - 1 2
T H - 1 3
T H - 1 4
T H - 1 5
T H - 1 6
T H - 1 6 (1998)
T H - 1 8
T H - 1 8 (1998)

Concentration
ND
1,964
78
58,360
(770)
N D
N D
276,470
32
N D
5
(740)
890
( N D )

ND = Not Detected
1998 results in parentheses.

D 01062
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T a b l e 12 Concentration of M e t a l s in Groundwater (mg/L), WALSH 1998T e s t H o l e s
Metal

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
S i l v e r

TH-19
ND
0.049
ND
ND
ND
ND
ND
ND

T H - 2 0
ND
0.046
ND
ND
ND
ND
ND
ND

T H - 2 1
ND
0.057 .
ND
ND
ND
ND
ND
ND

TH-22
ND
0.051
ND
ND
ND
ND
ND
ND

TH-23
ND
0.055
ND
ND
ND
ND
ND
ND

TH-24
ND
0.055
ND
ND
ND
ND
ND
ND

TH-25
ND
0.045
ND
ND
ND
ND
ND
ND

C G W S 1

( m g / L )
0.05
1.0
0.005
0.05
0.05
0.002
0.01
0.05

1 = Colorado Ground Water S t a n d a r d s , Human H e a l t h Standard s (CDH, 1995). Bold values exceed
C G W S s .
ND = not detected

01063
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E n v i r o n m e n t a l S c i e n t i s t s and Engineers, Inc

T a b l e 1 3 S O I L C O N C E N T R A T I O N S O F M E T A L S ( m g / K g ) A N D T Y P I C A L L O C A L A N D R E G I O N A L R A N G E S -H U M B O L D T / 4 4 ™ S T R E E T S T O B R I G H T O N B O U L E V A R D ( W A L S H 1991)
M e t a l

A r s e n i c
Barium
C a d m i u m
Chromium
Lead
Mercury
S e l e n i u m
S i l v e r
B e r y l l i u m
C o b a l t
C o p p e r
I r o n

M a n g a n e s e
N i c k e l
V a n a d i u m
Z i n c

CDOT
M e a n 1

5.5
563
1.83
12.5
33
<DL 4 -

( 0 . 1 )
<DL-
( 1 0 )
<DL-
( 1 )
1
15
38
2760
0
980
13.5
64
132

CDOTRange
N D 6 -13
13-
1000
N D - 6
N D - 1 4
1.8-
80
N D -
0.2
N D - 2
N D - 1
N D - 1
N D - 2 0
4-54
2400-
3400
0
33-
1700
N D - 2 2
3-90
9-330

West ern
U . S .
Range2

0.1-40
100-3000
0.01-2
5-1500
2-300
0.01-
0.055
0.01-12
0.01-8
0.01-0
0.05-65
2-250
N V

200-
10000
2-750
3-500
1-900

U . S .
T y p i c a lRange 3

1-40
100-3000
0.01-7
5-3000
2-200
0.010-0.08
0.1-2
0.1-5
0.01-40
1-40
2-100
7000-
550000
1 00-4000
5-1000
20-500
10-300

T H - 6

0.6
23
N D
I M D
2.0
N D
N D
N D
N D
N D
4
3000

55
N D
5
14

T H - 7

0.9
82
N D
8
5.0
N D
N D
N D
0.5
5
11
9600

160
6
16
44

T H - 9

N D
38
4
2
3.4
N D
N D
N D
N D

•5
N D
4000

120
2
7
18

T H - 1 0

0.7
37
N D
2
2.7
N D
N D
N D
N D
N D
4
3300

190
2
6
12

T H - 1 1

0.6
33
N D
1
3.8
N D
N D
N D
N D
N D
2
2500

120
N D
4
10

T H - 1 2

0.8
33
N D
6
3.6
N D
N D
N D
N D
3
4
5300

120
3
9
16

T H - 1 3

0.9
72
N D
3
4.0
N D
N D
N D
N D
2
5
4000

140
N D
8
13

T H - 1 4

32
540
13
32
710
1.7
N D
ND '
0.6
6
96
1100
0
230
11
17
740

T H - 1 5

7.0
150
2
9
170
N D
N D
N D
N D
5
32
9400

340
6
14
230

T H - 1 6

4.0
260
1.5
5
210
N D
N D
1.0
0.6
3
29
7000

180
5
11
180

T H - 1 8

1.0
56
N D
4
6.1
N D
N D
N D
N D
3
64
7500

120
3
15
21

(1) C a l c u l a t e d f r o m 71 soil s a m p l e s c o l l e c t e d f r o m CDOT p r o j e c t s in the Denver M e t r o Area.
(2) Bowen, 1979
(3) Dragun, 1988
(4) Detection Limit
( 5 ) N o t Detec t ed
Bold numbers exceed U.S. Typical Ranges or local CDOT ranges for a p a r t i c u l a r m e t a l .
T C L P values i n paren the s e s .
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T a b l e 1 4 M E T A L S I N G R O U N D W A T E R ( m g / L ) - W A L S H 1991 M O N I T O R W E L L S H U M B O L D T / 4 4 ™
S T R E E T S T O B R I G H T O N B O U L E V A R D

M e t a l
Arseni c
Barium
C a d m i u m
Chromium
Lead
Mercury
S e l e n i u m
S i l v e r
B e r y l l i u m
C o b a l t
C o p p e r
I r o n
Manganese
N i c k e l
V a n a d i u m
Zinc

T I I - 6
N D
0.05

N D
N l )
N D
N D

0.004
N D
N D
N D
N D
N D
N D
N D
N D
N D

T H - 7
N D

0.13
N D
N D
N D
N D
N D
N D
N D
N D
N D
N D
3.6
N D
N D
N D

T H - 9
N D
0.06

N D
N D
N D
N D
N D
ND
N D
N D
N D
N D
N D
N D
N D
N D

T H - 1 0
N D

0.15
N D
N D

0.002
N D
N D
ND
N D
N D
N D
N D
3.9

0.02
N D
N D

T H - 1 1
N D

0.05
N D
N D
N D
N D

0.005
N D
N D
N D
N D
N D

0.04
N D
ND
N D

T H - 1 2
N D

0.06
N D
N D
N D
N D

0.003
ND
N D
N D
N D

0.02
0.21

N D
N D
0.03

T H - 1 3
N D

0.11
N D
N D
N D
N D

0.003
N D
N D
N D
N D
N D
5.0
N D
N D
N D

T H - 1 4
N D
0.05

N D
N D
N D
N D

0.003
ND
N D
N D
N D
N D

0.03
ND
N D
N D

T H - 1 S
N D
0.04

N D
N D

0.002
N D

0.007
ND
N D
N D
N D
N D

0.12
N D
N D
N D

T H - 1 6
0.004
0.06

N D
N D

0.005
N D

0.005
N D
N D
N D
N D
N D

0.42
N D
N D
0.02

T I I - 1 8
N D

0.04
N D
N D
N D

0.0002
0.004

N D
N D
N D
N D
N D
N D
N D
N D
N D

C G W S 1

( m g / L )
0.05
1.0

0.005
0.05
0.05

0.002
0.01
0.05

1 = C o l o r a d o Ground W a t e r S t a n d a r d s , H u m a n H e a l t h S t a n d a r d s ( C D H , 1995). Bold value s exceed C G W S s .
ND = not detected
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T a b l e 1 5 D I S C H A R G E P A R A M E T E R R E S U L T S - W A L S H 1991H U M B O L D T / 4 4 ™ S T R E E T S T O B R I G H T O N B O U L E V A R D
Location

T H - 6
TH-7
T H - 9
T H - 1 0
T H - 1 1
T H - 1 2
T H - 1 3
T H - 1 4
T H - 1 5
Colorado
Standard

Alkalini ty
( m g / L )
370
460
420
520
440
460
590
450
390
None

TDS
( m g / L )
1100
990
920
1000
1000
1000
1100
1000
1000
none

oa &
Grease
( m g / L )
ND
3
ND
N D
ND
2
ND
ND
ND
10

COD
( m g / L )
7
17
16
82
9
5
51
18
10
none

pH
(units)
6.9
6.6
6.7
7.0
7.1
7.1
7.2
7.1
7.2
6.5 to 9

T S S
( m g / L )
53000
9800
17000
17000
6000
11000
21000
5400
3200
60

Gross A l p h a
Gross Beta (pCi/L)
No Data
131+/-40
38.1+/-17.6
109+ /-30
33.6+/-17.6
No Data
-1.0
3+/-13
No Data
88+/-31
10+/-13
No Data
83+7-39
25+/-18
15
50

Bold values exceed Colorado standards for ground water discharge.
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